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DMA KEOCBDING l&IHCD PXD DMA FEOQRDING APEARAIUS 



EACW3ROBD 03? HE INVENTION 



1. Field of the Invention 

5 the present invention relates to a data recordirigrTiet±iDdandadata recording 

apparatus preferably for use in a digital video tape recorder and the like, and 
particularly relates to a data recording method and a data recording apparatus 
wherein input data is subjected to error correction encoding and the error 
correction-encoded data is recorded an a recording medium. 

10 

2 . Description of Related Art 

Conventionally, a digital video tape recorder has bee proposed in which 
every group of input video data is subjected to error correction encoding using 
a product code according to one or a plurality of encoding units . Thus, the error 
15 correction-encoded data in one or a plurality of encoding units is recorded on 
a recording medium, such as on one or a plurality of inclined tracks of a magnetic 
tape. 

As described above, in the digital video tape recorder in which input 
video data is subjected to error correction encoding using a product code for each 

20 encoding unit to record the video data, portions of C2 parities, i.e. , external 
encoding parities are respectively located and recorded on an initial portion and 
an end portion of each inclined track as shown in Fig. 1, for exairple. Fig. 1 shows 
an example where video data of one field is recorded on twelve inclined tracks. 
In this case, four tracks are simultaneously scanned by four heads at one tine, 

25 and thus, all of the twelve tracks are scanned through three scanning operations. 
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When the data is recorded with the portions of C2 parities located at 
the initial and end portions of each inclined track, a sync-block, constituted 
by adding a CI parity, i.e. , and internal encoding parity to a data string of the 
C2 parity which constitutes a CI calculation data stream, is sequentially recorded 
5 on each of the initial and end portions of each inclined track. On the other hand, 
a sync-block, constituted by adding a CI parity to a data string of the video data 
which constitutes a CI calculation data stream, is sequentially recorded on the 
center portion of each inclined track. 

In this case, it is required that the calculation of the C2 parity has 
10 been completed before the portion of this C2 parity is recorded for the first time . 
For this reason, as a consequence, recording of data on the inclined tracks can 
be started only after a group of input video data is entirely captured, the C2 
parity is calculated, and then the calculation of the C2 parity is completed. 

For example, when a group of input video data is one field as described 
15 above, an an assumption that time Tl of one field is spent for capturing the entire 
group of input video data and time T2 is further spent for calculating a part of 
the C2 parity, the system delay Ta in an error correction code (BOC) encoder is 
T1+T2, which is a long system delay. 

Fig. 2 shows a system delay Tci in a conventional EEC encoder. In Fig. 2, 
20 a solid line la shows an input processing of video data, whereas a broken line 
lb shows an output processing of C2 parity and video data. 

If the system delay Tci is long in the EOC encoder as described above, 
the time required from the initiation of the input of the input data to the initiation 
of the recording of this input data is also accordingly longer. As a result, the 
25 following problems arise. 
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1) When the video data is reproduced for craifirmatian immediately after 
the video data is recorded, the images reproduced by the reproduction video data 
have a large time deviation from the images produced by the irput video data, which 
causes a user trouble in confirming the images; and 

5 2) In order to execute a pre-read editing operation, the recording and 

the reproduction heads are attached at largely different heic^its from each other, 
which causes the effective track length to be shortened, resulting in deterioration 
in the signal to noise (S/N) . 

Herein, the pre-read editing operation means an editing operation in 

10 which video data of a specific frame recorded an a specific portion of a tape is 
reproduced, processing such as insertion of telcp data into this video data of 
specific frame is performed, and then this video data of the specific frame is 
recorded again an the above-described specific portion of the tape. 

Fig. 3 shows an exemplary pre-read editing system. A reproduction head 

15 Hp reproduces video data of a specific frame recorded on a specific portion of 
a tape 301 . In this case, a reproduction amplifier 302 amplifies the reproduction 
signal reproduced an the reproduction head Hp, and an equalization circuit 303 
has waveform-equal i zed the reproduction signal before a decoding circuit 304 receives 
it. The decoding circuit 304 decodes the waveform-equalized reproduction signal 

20 utilizing a Viterbi algorithm, for example. 

An error correction code (EOC) decoder 305 receives the video data from 
the decoding circuit 304. The EOC decoder 305 performs error correction by use 
of the parities added to the video data. A video expansion circuit 306 receives 
the error-corrected video data from the ECC decoder 305 and expands the video data. 

25 The video data Va output from the video expansion circuit 306 is supplied 

to a fixed terminal 307a of a switch circuit SW. On the other hand, telcp data 
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St to be inserted to the video data Va is supplied to a fixed terminal 307 b of 
the switch circuit SW, for exairple . In this case , the switch circuit SW is connected 
to the fixed terminal 307b during a period vten the telcp data St is supplied, 
whereas the switch circuit SW is connected to the fixed terminal 307a during the 
5 other periods. Thus, the switch circuit SW outputs video data Vb into which the 
telcp data St has been inserted. 

A video compression circuit 308 then receives the video data Vb from 
the switch circuit SW and performs data compression thereto. In this case, for 
example , the video data Vb is divided into a two-dimensional blocks of 8 x 8 pixels, 

10 and is data- compressed by use of block encoding such as discrete cosine transform 
(DCT) . Although not described above, the video expansion circuit 306 performs 
processing reversal of this data compression. 

An ECC encoder 309 receives the compression-encoded data from the data 
compression circuit 308 . The ECC encoder 309 performs error correction encoding 

15 to the corpression-encoded data for each encoding unit using a product code . The 
video data output from the ECC encoder 309 is supplied via a recording amplifier 
310 to a recording head Hr that records the reproduction signal corresponding to 
the video data on the portion of the tape 301 from which the reproduction head 
Hp has reproduced this video data. 

20 Here, during the time "t" from the point where the video data is reproduced 

by the reproduction head Hp to the point vfere the video data is recorded by the 
recording head Hr, the tape 301 travels a distance "d" proportional to the time 
"t" . For this reason, as shewn in Fig. 4, the recording head Hr is attached at 
a position distanced from the reproduction head Hp by a difference (difference 

25 in heights between attached positions) "h" in order that, when the tape 301 travels 
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the distance M" , the recording head Hr scans the same portion vtfiich the reproduction 
head Hp scanned tine "t" ago. 

In this case, the recording head Hr is arranged to be in contact with 
the tape 301 within a range ARr. Specifically, in order to prevent the tape 301 
5 f ran being cut by the recording head Hr coming into contact with the end portion 
of the tape 301, the recording head Hr is arranged to be in contact with the tape 
301 at a position inward of the end portion of the tape 301 by a specific distance . 
Because of this arrangement, the reproduction head Hp cores into contact with the 
tape 301 within a range ARp. Therefore, this ranged is an effective track length. 
10 As described above, if the system delay Ta in the ECC encoder is long, 

the tine V is long and the distance d is accordingly large. As a result, the 
step "h" is also large, resulting in a short effective track length ARp. When the 
effective track length ARp is short as in this case, the recording wavelength is 
shortened in order to ensure the sane capacity of recording data as that of the 
15 case where the effective track length ARp is long. Hcwever, when the recording 
wavelength is short, the S/N is degraded. 

SU*ftRY OF TOE INVENTION 

An objective of the present invention is to shorten the time required 
20 from the initiation of the input of input data to the initiation of the recording 
of this input data. 

According to a data recording method of the present invention, error 
correction encoding is performed on inpat data for each encoding unit by use of 
a product code and the error correction encoded data is recorded an one or a plurality 
25 of tracks of a recording medium in one or a plurality of encoding units. First, 
first sync-block is sequentially recorded on one or a plurality of tracks. The 
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first sync-block is constituted by adding an internal encoding parity (CI parity) 
to data string of the input data constituting an internal encoding calculation 
data stream. After the first sync-block is completely recorded, second sync-block 
is sequentially recorded . Thesecarxisync-blockiscx^ internal 
5 encoding parity (CI parity) to a data string of an external encoding parity (C2 
parity) constituting the internal encoding calculation data stream. 

Thus, the C2 parity is recorded at one time in a later stage. Regarding 
the C2 parity, it is enough that its calculation has been completed before its 
recording is started. For this reason, the recording of input data can be initiated 
10 even before a group of the input data to be recorded an one or a plurality of tracks 
is entirely captured. This enables the time required from the initiation of the 
input of the input data to the initiation of the recording of this input data to 
be shortened. 

Further, a data recording apparatus of the present invention performs 
15 error correction encoding an input data for each encoding unit by use of a product 
code and records the error correction encoded data on one or a plurality of tracks 
of a recording medium in one or apluralityof encoding units . The apparatus comprises 
external encoding parity calculator for calculating and obtaining an external 
encoding parity for each encoding unit from data string constituting an external 
20 encoding calculation data stream. The apparatus also comprises internal encoding 
parity calculator for calculating and obtaining an internal encoding parity for 
each encoding unit from data string constituting an internal encoding calculation 
data stream. The apparatus farther campri ses recorder for recording first sync-block 
sequentially on one or a plurality of tracks, and recording second sync-block 
25 sequentially after the first sync-blockis ccmpletely recorded. The first sync-block 
is constituted by adding an internal encoding parity obtained by the calculation 
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of the internal encodirigpar i t y calculator to data stringof the input data const i tut ing 
an internal encoding calculation data stream . The second sync-block is constituted 
by adding the internal encoding parity obtained by the calculation of the internal 
encoding parity calculator to a data string of the external encoding parity obtained 
5 by the calculation of the external encoding parity calculator. The data string 
of the external encoding parity also constitutes the internal encoding calculation 
data stream. 

For example, when error-correction encoded data in m pieces of encoding 
units (m is an integer of 2 or larger) is recorded on one or a plurality of tracks 

10 of a recording medium, at least m pieces of calculating apparatus for calculating 
C2 parity are provided. 

In this case, since the calculation of C2 parity in m pieces of encoding 
units is simultaneously executed in independent calculating apparatus, the 
calculations of C2 parity in m pieces of encoding units also can be completed when 

15 a group of input data to be recorded an one or a plurality of tracks has been entirely 
captured. As a result, it allcws the initiation of C2 parity recording to be made 
earlier, thereby enabling the initiation of input data recording to be made earlier 
accordingly. 

In addition, for example , when error-correction encoded data in m pieces 
20 of encoding units (m is an integer of 2 or larger) is recorded an one or a plurality 
of tracks of a recording medium, if there are calculating apparatus for calculating 
C2 parity in the number smaller than m pieces, C2 parity is calculated in each 
of the m pieces of encoding units of the data with the calculation being divided 
into a plurality of parts. 
25 Thus, if there are calculating apparatus in the number smaller than m 

pieces, the calculation of the C2 parity in the respective m pieces of encoding 
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units is initiated after a group of input data to be recorded on one or a plurality 
of tracks is entirely captured. However, vten the calculation of the C2 parity 
in each of the m pieces of encoding units is performed with the calculation being 
divided into a plurality of parts, the calculation of the C2 parity in the m pieces 
5 of encoding units can be initiated before a group of input data to be recorded 
an one or a plurality of tracks is still not completely captured. As a result, 
the calculation of the C2 parity can be completed at an earlier point of time, 
and the recordingof the input data canbe initiatedat earlierpoint of time accordingly . 

With this arrangement , when the video data is reproduced for conf irmation 

10 immediately after it is recorded, the invention avoids the images produced by the 
reproduction video data from having large time deviation from the images produced 
by the input video data. In this case, the user finds it easy to confirm the images . 
In addition, in order to execute the pre-read editing operation, the invention 
avoids the recording head and the reproduction head from being attached to heights 

15 largely deviated from each other. In this case, deterioration in S/N due to the 
shortening of the effective track length can be prevented. 

The concluding portion of this specification particularly points out 
and directly claims the subject matter of the present invention. However those 
skill in the art will best understand both the organization and method of operation 

20 of the invention, together with further advantages and objects thereof, by reading 
the remaining portions of the specification in view of the acccrrpanying drawing (s) 
wherein like reference characters refer to like elements. 



25 



BRIEF OESORIPnCN OF THE DRAWINGS 

Fig. 1 is a diagram for shewing an exemplary conventional arrangement 
of C2 parities; 
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Fig. 2 is a diagram for showing a system delay in a conventional BCC 

encoder; 

Fig. 3 is a diagram for shewing an exemplary pre-read editing system; 

Fig. 4 is a diagram for shewing a relationship between a system delay 
and a step formed between a recording head arid a reproduction head in a pre-read 
editing system; 

Fig. 5 is a block diagram for showing a configuration of a recording 
and reproducing apparatus as an embodiment of the invention; 

Fig. 6 is a diagram for illustrating a recording format; 

Fig. 7 is a diagram for illustrating an arrangement of magnetic heads; 

Fig. 8 is a diagram for showing a configuration of an BOC block of video 

data; 

Fig. 9 is a diagram for showing a configuration of one sync -block of 
video data; 

Figs . lOAtolOCare diagrams f or illustratinganarrangementof sync-blocks 
within 12 tracks; 

Fig. 11 is a diagram for showing an arrangement of C2 parity; 

Fig. 12 is a block diagram for shoving a configuration of an EOC encoder; 

Fig. 13 is a block diagram for shewing a configuration of a C2 encoder; 

Fig. 14 is a diagram for shewing a system delay in an EQC encoder (in 
the case of including 36 calculating apparatus) ; 

Fig. 15 is a diagram for showing a system delay in an BOC encoder (in 
the case of including one calculating apparatus and the calculation is not divided 
into a plurality of parts) ; 
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Fig. 16 is a diagram for showing a state of initialization at the time 
when the calculation of the C2 parity is performed by use of one calculating apparatus 
with the calculation being divided into a plurality of parts; 

Fig. 17 is a diagram for shewing a state of calculation at the time when 
5 the calculation of the C2 parity is performed by use of one calculating apparatus 
with the calculation being divided into a plurality of parts; 

Fig. 18 is a diagram for shewing a state of outputting the result of 
calculation at the time when the calculation of the C2 parity is performed by use 
of one calculating apparatus with the calculation being divided into a plurality 
10 of parts; 

Fig. 19 is a diagram for showing a state of loading a result obtained 
at seme midpoint of calculation at the time when the calculation of the C2 parity 
is performed by use of one calculating apparatus with the calculation being divided 
into a plurality of parts; and 
15 Fig. 20 is a diagram for showing a system delay in an EOC encoder (in 

the case of performing the calculation divided into fourpartsbyuse of one calculating 
apparatus) . 



EEmH£D DESCRIPTION OF THE EFEEERRED EfcECDIMNrS OF TOE INVENTION 

20 Hereinafter, enbodimsnts of the present invention will be described with 

reference to drawings. Fig. 5 shows a basic configuration of a recording and 
reproducing apparatus 100 as an embodiment of the invention. For the purpose of 
simplicity, illustration of an audio system is omitted. 

First, a recording system will be described. A video compression circuit 

25 112 receives digital video data Vin through an input terminal 111. The video 
compression circuit 112 divides the video data Vin into two-dimensional blocks 
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of 8 x 8 pixels , for example , and then performs data- compression losing block encoding 
such as DCT. 

An ECC encoder 113 receives video data VDa (ccnpressian- encoded data) 
from the data compression circuit 112 . The ECC encoder 113 performs error correction 
5 encoding on the compression-encoded data VDa for each encoding unit by use of a 
product code . ArecordingheadHrrereivest±ere^ 

encoded data VEfo from the ECC encoder 113 through a recording amplifier 114 to 
record the video data sequentially on the recording tracks of a magnetic tape 120 . 
In this case, the video data VCfo is recorded in its original 

10 non-return- to- zero (NRZ) format without digital modulation. Alternatively, the 
video data VCfo may be recorded after it is subjected to digital modulation. 

Next, a reproduction system will be described. A reproduction head Hp 
reproduces a reproduction signal from the recording tracks of the magnetic tape 
120 and a reproduction amplifier 131 amplifies the reproduction signal. An 

15 equalization circuit 132 has then performed waveform-equalization thereon before 
a decoding circuit 133 receives it. The decoding circuit 133 decodes the 
waveform-equalized reproduction signal utilizing Viterbi algorithm, for example, 
so as to produce reproduction video data VDc corresponding to the recording video 
data VEfo output from the ECC encoder 113 in the recording system described above . 

20 An BOC decoder 134 receives the reproduction video data VDc from the 

decoding circuit 133 . The EOC decoder 134 performs error correction by use of the 
parities (CI parity, C2 parity) added to the video data VDc. 

A video expansion circuit 135 receives the error- corrected video data 
( ccnpressian encoded data) VDd from the ECC decoder 134 . The video expansion circuit 

25 135 performs data expansion t±rough processing reversal of the processing performed 
by the video compression circuit 112 in the recording system. Then, the video data 
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Vout output f rem the video e^ansicn circuit 135 is output through an output terminal 
136. 

Fig. 6 shows a recording format of a magnetic tape 120 . On the magnetic 

tape 120 , tracks T inclined with respect to the longitudinal direction of the magnetic 
5 tape 120 are sequentially formed. In this case, two adjacent tracks T have different 

recording azimuths. 

Video data areas AKV L , AKVb are respectively allocated to the end region 

of the track T at vdiich the scanning is initiated and the end region of the track 

T at vdiich the scanning is finished. The video data areas ARV L , ARVu record the 
10 recording video data VDb output from the above-described ECC encoder 113 . An audio 

data area ARA is allocated to the area interposed between the video areas AKV L , 

ARVu in the track T. This audio data area ARA records recording audio data although 

an audio system is not illustrated in Fig. 1. 

Fig. 7 is a schematic diagram for showing a structure of a rotating drum 
15 in the recording and reproducing apparatus 100 shown in Fig. 5. The magnetic tape 

120 is obliquely wsund around the rotating drum 140 at a winding angle of 180 degrees . 

The magnetic tape 120 travels at a specific speed wound around the rotating drum 

140. 

On the rotating drum 140, four recording heads RBCA to REDD are arranged, 
20 and additional four recording heads RBCE to RECH are arranged at positions 180 
degrees apart from the four recording heads RBCA to RECD. Further, an the rotating 
drum 140, eight reproduction heads PBA to PBH corresponding to the recording heads 
RECA to RECH are arranged at positions 90 degrees apart from the recording heads 
RECA to RECH, respectively. 
25 Thus, the recording head Hr of the recording and reproducing apparatus 

100 shown in Fig. 5 uses eight actual recording heads RECA to RECH as described 
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above. In addition, the reproduction head Hp of the recording and reproducing 
apparatus 100 shown in Fig. 5 uses eight actual reproduction heads PBA. to PBH as 
described above. Video data of one field is recorded an twelve tracks. At the 
times of recording and reproduction, four heads simultaneously scan four tracks 

5 in one scanning operation, so that twelve tracks can be completely scanned when 
a scanning operation is conducted three times. 

The video data areas ARV L/ ARVu of twelve tracks record 36 BCC blocks 
from block 0 to block 35 (data in encoding units) as shown in Fig. 8 . One ECC block 
is constituted as follows. Specifically, for the video data constituted by data 

10 array of 226 x 114 bytes, data in each column (i.e., a data string) is encoded 
according to a (126, 114) Reed- Solomon code, forexanple, in the external encoding 
calculation data stream shown by an arrow "b" to generate a C2 parity of a 12 -byte 
external encoding parity. In addition, for the video data and the C2 parity, data 
in each row or data string is encoded according to a (242, 226) Reed-Solomon code, 

15 for example, in the internal encoding calculation data stream shown by an arrow 
"a" to generate a CI parity of 16-bytes. At a leading end of each data string, 
sync-data and ID each having a size of 2 -byte are arranged. 

Fig. 9 shows a configuration of a one sync-block in the ECC block. Two 
bytes at the leading end are sync-data. The subsequent two bytes are ID data. The 

20 ID data includes a track ID for identifying vhich track among twelve tracks records 
this one sync-block and a sync-block ID for identifying vrfxLch sync-block among 
the plurality of sync-blocks recorded on one inclined track is this one sync-block. 
Further, one segment is constituted for every twelve tracks, and segment numbers 
fron 0 to 3 are repeatedly allocated to the segments sequentially. The two-byte 

25 ID described above also includes a segment ID indicating the segment number of 
the segment that records this one sync-block. 
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The ID is followed by video data of 226 -bytes or a C2 parity, and a CI 
parity of 16-bytes. 

As described above, twelve tracks an the magnetic tape 120 record 36 
EQC blocks (see Fig. 8) . Fig. 10 shows an arrangement of sync-blocks in each of 
5 the ECC blocks in the video data areas ARV L , ARVu of twelve tracks, which constitute 
one segment. 

As shown in Fig. 10A, in four tracks 0 to 3, which are scanned for the 
first time, the video data area ARV L records sync-blocks of 21 rows from 0th to 
20th rows in each of the ECC blocks 0 to 35, whereas the video data area ARVu records 
10 sync-blocks of 21 rows from the 21st to the 41st rows in each of the ECC blocks 
0 to 35. 

In the four tracks 4 to 7, vMch are scanned for the second time, the 
video data area ARV L records sync-blocks of 21 rows from the 42nd to the 62nd rows 
in each of the ECC blocks 0 to 35 , whereas the video data area ARVu records sync-blocks 

15 of 21 rows from the 63rd to the 83rd rows in each of the ECC blocks 0 to 35. 

In four tracks 8 to 11, vMch are scanned for the third time, the video 
data area ARV L records sync-blocks of 21 rows from the 84th to the 104th rows in 
each of the ECC blocks 0 to 35, vtereas the video data area ARVu records sync-blocks 
of 21 rows from the 105th to the 125th rows in each of the ECC blocks 0 to 35 . 

20 Here, the sync-block of a 0th row is constituted by a 0th sync-block 

in each of the ECC blocks 0 to 35. As is shown in Fig. 10B, these 36 sync-blocks 
are divided into four groups so that nine sync-blocks are allocated to each of 
the tracks 0 to 4 . Specifically, the track 0 a records 0th sync-block in each of 
the ECC blocks 0, 18, 1, 19, 2, 20, 3, 21, and 4; the track 1 records a 0th sync-block 

25 in each of the ECC blocks 22, 5, 23, 6, 24, 7, 25, 8, and 26; the track 2 records 
0th sync-block in each of the ECC blocks 9, 27, 10,. 28, 11, 29, 12, 30, and 13; 
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and the track 3 records a 0th sync-block in each of the ECC blocks 31, 14, 32, 
15, 33, 16, 34, 17, and 35. 

Hereinafter, in the same manner as described above, the sync-blocks from 
1st to 125th rows are respectively constituted by 1st to 125th sync-blocks in each 
5 of the ECC blocks 0 to 35. These 36 sync-blocks are divided into four groups so 
that nine sync -blocks are allocated to and recorded on the corresponding four tracks , 
respectively . In this case , the BQC blocks taken out from the 9 sync-blocks recorded 
on each of the 4 tracks are shuf f led for every row . As shewn in Fig. 10C, one sync-block 
is constituted by two-byte sync data, a two-byte ID, 226 -byte video data (or a 

10 C2 parity) , and a 16-byte CI parity. 

Here, the sync -blocks of 0th to 125th rows are sequentially recorded 
on the tracks 0 to 11. In this case, the sync-blocks of the 0th to the 113th rows 
are respectively constituted by adding a CI parity to data string of the video 
data which constitutes an internal encoding calculation data stream, whereas the 

15 sync-blocks of 114th to 125th rows are respectively constituted by adding a CI 
parity adata string of the C2 party which constitutes an internal encoding calculation 
data stream. 

Specifically, in this embodiment, when 36 ECC blocks 0 to 35 are recorded 
on 12 tracks, as shown in Fig. 11, the first sync -blocks constituted by adding 
20 a CI parity to the data string of the video data, which constitutes an internal 
encoding calculation data stream, are sequentially recorded. When the recording 
of the first sync-blocks is completed, the second sync-blocks constituted by adding 
a CI party to the data string of the C2 parity, which constitutes an internal encoding 
calculation data stream, are sequentially recorded. 
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Next, the EOC encoder 113 in the recording and reproducing apparatus 
100 shown in Fig. 5 will be described- in detail. Fig. 12 shews a configuration 
of the EOC encoder 113. 

The EOC encoder 113 includes a synchronous dynamic RAM (SDRAM) 151 and 
5 an SDRAM interface 152 for writing and reading data into and from the SDRAM 151. 
The SDRAM 151 has a capacity capable of recording video data of a plurality of 
fields . In this case, in the SDRAM 151 , memory spaces corresponding to 36 EOC blocks 
(see Fig. 8) are prepared for each field. 

The EOC encoder 113 also includes an input -write buffer 153 for buffering 
10 and writing video data (i.e., compression encoded data) VDa supplied from the video 
compression circuit 112 into the SDRAM 151, and a C2 read buffer 154 for buffering 
and supplying the video data corresponding to 36 EOC blocks, which is read from 
the SDRAM 151, to a C2 encoder 155 described later. 

The EOC encoder 113 further includes a 02 encoder 155 for calculating 
15 a 02 party (an external encoding parity) in each of the 36 EOC blocks for each 
field. The 02 encoder 155 includes 36 calculating apparatus as each for calculating 
the 02 parity, and can calculate 02 parities in the above-described 36 EOC blocks 
simultaneously. 

Due to this arrangement, video data corresponding to the 36 EOC blocks 
20 is simultaneously supplied from the 02 read buffer 154 to the 02 encoder 155 . At 
this time, video data of each of the EOC blocks is supplied in the order of data 
frcm the Oth to the 113th sync-blocks. 

The EOC encoder 113 further includes a C2 write buffer 156 for buffering 
and writing C2 parity in each of the 36 EOC blocks, calculated in the 02 encoder 
25 155, into the SDRAM, and an output buffer 157 for buffering and output ting video 
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data and the C2 parity, vMch are read f rem the SDRAM 151 and correspond to each 
of the 36 ECC blocks for each field. 

The ECC encoder 113 further includes a SYNC/ ID addition circuit 158 for 
adding sync-data and ID to a data string of the video data (or C2 parity) of each 
5 sync-block which is output from the output buffer 157 in the order that the video 
data (or C2 parity) have been recorded, and a CI encoder 159 for calculating a 
CI parity and a d di n g it to the video data of each sync-block to which the sync-data 
and ID have been add e d in the SYNC/ ID addition circuit 158 and then for outputting 
the resultant data as recording video data VEfo. 
10 An operation of the ECC encoder 113 shewn in Fig. 12 will be described. 

The video compression circuit 112 (see Fig. 5) supplies the video data 
(i.e. , compressed encoded data) VDa to the SDRAM 151 via the input -write buffer 
153 and the SDRAM interface 152 and the SDRAM 151 writes the video data VDa. In 
this case, the video data VDa of each field is written into the video data areas 
15 in the memory spaces of their corresponding 36 ECC blocks, respectively (see Fig. 
8). 

Further, for each field, the SDRAM 151 reads the video data corresponding 
to the 36 ECC blocks and supplies the video data to the C2 encoder 155 via the 
SDRAM interface 152 and the C2 read buffer 154 . In this case, the C2 read buffer 

20 154 supplies the video data corresponding to the 36 ECC blocks simultaneously to 
the C2 encoder 155. Further, in this case, the video data of each ECC block is 
supplied in the order of the data of the 0th to the 113th sync blocks. 

The C2 encoder 155 simultaneously calculates C2 parity in each of the 
36 ECC blocks for each field by use of 36 calculators. The C2 encoder 155 supplies 

25 the C2 parity thus calculated, for each field, in each of the 36 ECC blocks to 
the SDRAM 151 via the C2 write buffer 156 and the SDRAM interface 152 . The C2 parity 
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is then written into the C2 parity areas in the memory spaces of their corresponding 
36 ECC blocks. 

Further, the SDRAM 151 reads the video data and C2 parity, which correspond 
to each of the 36 ECC blocks, for each field and supplies them to the output buffer 
5 157 via the SDRAM interface 152 . The output buffer 157 then outputs the video data 
(or C2 parity) of each sync-block in the order that the video data have been recorded 
and supplies that video data to the CI encoder 159 after sync-data and ID are added 
to the video data in the SYNC/ ID addition circuit 158. 

Then, the CI encoder 159 calculates a CI parity therefrom and adds it 
10 to the video data of each sync-block to which the sync-data and ID have been added, 
so as to produce each sync-block as recording video data VDb. The recording video 
data VDb is supplied to the recording amplifier 114 (se Fig. 5) as described above . 

Next, the C2 encoder 155 will be described in detail. Fig. 13 shews a 
configuration of the C2 encoder 155. The C2 encoder 155 includes 36 calculating 
15 apparatus 170-o to 170- 35 . The calculating apparatus 170. 0 to 170. 35 calculates C2 
parity in one ECC block. 

Hereinafter, the calculating apparatus 17CL 0 to 170. 35 will be described. 
Since each of the calculating apparatus 170-o to 170_ 35 has an identical structure 
to each other, only the calculating apparatus 170_o will be described. 
20 The calculating apparatus 170_o includes n matrix calculators 200_ 0 to 

200 

-(n-iw °f RAMs 201-o to 201-^-1) for producing codes in a vertical direction, n- 
exclusive OR gates for calculating exclusive -OR (hereinafter, referred to as u EX-OR 
gates") 203-! to 203- n / and n selectors 204_i to 204_n. 

Here, the output from the matrix calculator 200_ 0 is supplied to the RAM 
25 201-o as write data . The outputs from the selectors 204_x to 204-(n-i> are respectively 
supplied to the RAMs 201-i to 201- as write data. The outputs from the matrix 



Clean Specification 
Application No.: 10/815,689 



19 



SON-2963 
(80001-2963) 



calculators 200_ x to 200.^ are respectively supplied to I sides of the selectors 
204-i to 204. (n-D and also supplied to the EX-QR gates 203 -i to 203-fo.y. 

The items of the read data from the RAMs 201^ to 201.^ are respectively 
supplied to the EX-CR gates 203-i to 203_ n . The outputs from the EX-QR gates 203-i 
5 to 203. (n-D soce respectively supplied to P andR sides of the selectors 204_! to 204. (n-D , 
whereas the output from the EX-OR gate 203. n is supplied to the P side of the selector 
204^. 

A value w 00h" is supplied to R side of the selector 204. n . The "h" means 
that this value is in hexadecimal. Input data is supplied to the EX-QR gate 203- n 

10 and I side of selector 204. n . Then, output data is taken out from the RAM 201- ^-d . 
Further, the output from the selector 204^ is supplied to the matrix calculators 
200-o to 200_(n-i) as feedback data. 

The selectors 204_i to 204_ n receives an operation control signal, 
respectively. In this case, the selectors 204_i to 204_ n output the data which has 

15 been supplied to their I sides at the time of initialization whereas the selectors 
204-! to 204- n output the data which has been supplied to their P sides at the time 
of calculation. At the time of output ting the result obtained from the calculation 
of the C2 parity, the selectors 204-i to 204_n output the data, which has been supplied 
to their R sides. 

20 The RAMs 201-o to 201_ (rvl) have a word length in data length of an internal 

encoding calculation data stream, that is, 226-byte word length. The n is in an 
identical number to the byte number of the C2 parity, that is, 12. 

Next, cperations of the calculating apparatus 170_o will be described. 
First, initialization is performed based an data of the first one symbol 
25 (herein, one-byte) among input data to be encoded. In this case, actually, 226 
items of byte data in data length of the internal encoding calculation data stream, 
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that is , eachcorrespcaiding to226 streams related to the external encoding calculaticin 
data streams are sequentially supplied . At the time of initialization, the selectors 
204.! to 204. (n-D respectively output the data vMch has been supplied to their I 
sides . Therefore, at the time of this initialization, the selectors 204_i to 204- ^-d 
5 respectively supply the outputs from the matrix calculators 200_i to 200. ^ to the 
subsequent stages without undertaking any processing, and the selector 204_ n outputs 
input data. 

As a result, the first one symbol is supplied to the matrix calculators 
200-o to 200- fr-D as feedback data without undergoing any processing. . Then, the result 

10 of a calculation performed by the matrix calculator 200_ 0 is stored at an address 
position of the RAM 201_ 0 which corresponds to one symbol stream (i.e. any cos of 
226 streams related to the external encoding calculation data stream) of input 
data at that time. Further, the results of calculations performed by the matrix 
calculators 200_i to 200- ou are respectively stored at address positions of the 

15 RAMs 201-i to RAM 201_ (n-D vtoch correspond to one symbol stream of input data at 
that time via the selectors 204-i to 204-^-1) respectively. In this manner, 
initialization is performed. As described above, 226 items of byte data are 
sequentially supplied as the first cos symbol, thereby executing initialization 
for 226 streams related to the external encoding calculation data stream. 

20 Next, a C2 parity is calculated. At the time of the calculation of the 

C2 parity, the selectors 204^ to 204. n respectively output the data, vtfiich has been 
supplied to their P sides . Therefore , at the time of this calculation, the selectors 
204-! to 204- n respectively supply the outputs from the EX-QR gates 203-i to 203^ 
to the subsequent stages. 

25 Among input data, items of data of one symbol of a second or later are 

sequentially supplied to the EX-QR gate 203_ n . In this case, as the data of one 
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symbol of the second or later, actually, 226 items of byte data which respectively 
correspond to the 226 streams related to the external encoding calculation data 
stream are sequentially supplied. Data of the stream, which is read from the RAM 
201-(n-i) located at the last stage and corresponds to one symbol stream of the input 

5 data at that time, is supplied to the EX-GR gate 203_n. 

The EX-OR gate 203 _ n calculates exclusive-QR of data of each of the second 
symbols and thereafter and the data vtfiich has been read from the RAM 201. . The 
output from the EX-OR gate 203_ n is supplied to each of the matrix calculators 200. 0 
to 200- (n_D as feedback data via the selector 204- n . 

10 Then, the result of a calculation performed by the matrix calculator 

200-o is stored at an address position corresponding to one symbol stream of input 
data of the RAM 201-q at that time. The results of calculations performed by the 
matrix calculators 200_i to 200- ^-d and the data of the stream which are read from 
RAMs 200-i to 200- (n-D and correspond to the stream of input data at that time are 

15 supplied to the EX-OR gates 203_i to 203.^-!) respectively. The EX-OR gates 203-i 
to 203- (n_D calculate exclusive -OR thereon. The outputs from the EX-OR gates 203-! 
to 203. ovi) are respectively stored at address positions of the RAM 201_i to RAM 201. (n-i) 
which correspond to one symbol stream of input data at that time via the selectors 
204-i to 204 

-(n-i) respectively. 

20 As described above, 226 items of byte data are sequentially supplied 

as data of one symbol of the second or later, thereby executing calculation for 
226 streams related to the external encoding calculation data stream. When all 
of 114 symbols (114 bytes) in data length of the external encoding calculation 
data stream are completely input, the calculation of the C2 parity is ocnpleted. 

25 In this case, C2 parity for 226 streams is stored in the RAMs 201_o to RAM 201-^) . 
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Next, the C2 parity for 226 streams, which is obtained as a result of 
calculations, is output. At the time of this output, the selectors 204_i to 204^ 
respectively output the data, which has been supplied to their R sides . Therefore , 
at the time of this output, the selectors 204_i to 204. respectively supply the 

5 outputs from the EX-QR gates 203_i to 203. ^-d to the subsequent stages, and the selector 
204^ outputs "OOh" . 

In this case, "00h" is supplied to the matrix calculators 200_ 0 to 200-fo-u 
as feedback data. When the feedback data is "00h", the matrix calculators 200_ 0 
to 200-fo-D output "OOh" . Therefore, the EX-OR gates 203_i to 203. other than that 

10 locatedat the last stage , whichcperatebasedonthe output s fromthematrix calculators 
200-i to 200- (n-u and the read data from the RAMs 201_o to 201_(n_ 2 ) always output read 
data from the RAM 201_o to 201_(n- 2 ) without undertaking any processing to the read 
data. 

In summary, in this case, the RAMs 201_o to 201, ^ simply operate as shift 
15 registers. Therefore, the RAM 201- (n-1) located at the last stage sequentially 
outputs the C2 parity for 226 stream related to the external encoding calculation 
data stream. 

As described above, in this embodiment, at the time of recording 36 ECC 
blocks on 12 tracks, the first sync-blocks which are constituted by adding the 

20 CI parity to the data string of the video data constituting the internal encoding 
calculation data stream are sequentially recorded first . When all of the first 
sync-blocks are completely recorded, the second sync-blocks which are constituted 
by adding the CI parity to the data string of C2 parity constituting the internal 
encoding calculation data stream are sequentially recorded (see Fig. 11) . 

25 As described above, the C2 parity is recorded at one time in a later 

stage, and it is enough that the calculations of the C2 parity are completed before 
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their recording is started. Therefore, before video data of one field, which is 
a group of the video data to be recorded an twelve tracks, is entirely captured 
in the ECC encoders 113 , the recording of the video data can be started. This allcws 
the time required f rem the initiation of the input of the video data to the initiation 
5 of the recording of this video data to be shortened. 

Fig. 14 shows a system delay lb in the ECC encoder 113, where a solid 
line "a" shows an input process of video data, whereas a broken line "b" shows 
an output process of C2 parity and video data. As shown in this drawing, the system 
delay Tb in this embodiment is significantly shortened as compared with the system 
10 delay Ta in a prior art (see Fig. 2) . 

In the embodiment described above, the C2 encoder 155 includes 36 
calculating apparatus 170_ 0 to 170_ 35 . Alternatively, the C2 encoder 155 may include 
only one calculating apparatus having the same configuration as that of the calculating 
apparatus 170-0, for example . In this manner, the circuit scale and the memory scale 
15 can be reduced. 

In this case, after video data for one field, which is a group of video 
data to be recorded an 12 tracks, is entirely captured in the ECC encoder 113, 
this one calculating apparatus may calculate the C2 parity in each of the 36 ECC 

blocks 0 to 35 sequentially. 

20 Fig. 15 shows an irput process of video data (shown by a solid line "a" ) , 

a calculation process of the C2 parity in each of the 36 ECC blocks (shown by an 
alternate long and short dash line "c" ) , and an output process of the C2 parity 
and the video data (shown by a broken line "b" ) observed in this case. Here, in 
the portion corresponding to "data" in the calculation process of the C2 parity, 

25 video data is read from the SDRAM 151, and this read video data is irput into the 
C2 encoder 155 so as to obtain the C2 parity. In the portion corresponding to "C2" , 
the C2 parity obtained by the C2 encoder 155 is written into the SDRAM 151. 
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Also in this case, the C2 parity is recorded at one time in a later stage, 
and it is enough that the calculation of the C2 parity is ccrtpleted before their 
recording is started. Therefore , it is possible to start the recording of the video 
data before the video data for one field, which is a group video data to be recorded 
5 on 12 tracks, is entirely captured in the EOC encoder 113. 

In this manner, the time required from the initiation of the input of 
the video data into the EOC encoder 113 to the initiation of the recording of this 
video data can be shortened. In this case, although the system delay Tc in the 
EOC encoder 133 is shorter than the system delay 'La in a prior art (see Fig. 2) , 
10 the system delay Tc is longer than the system delay Tb observed in the case where 
the C2 encoder 155 includes 36 calculating apparatus 170^ to 170. 35 (see Fig. 14) . 

Next , an alternative configuration of the C2 encoder 155 will be described. 
Int±ieembodimentdesc^^ the C2 encoder 155 includes 36 calculatingapparatus 

170_o to 170-35. In this alternative embodiment, the C2 encoder 155A includes one 
15 calculating apparatus 170 for calculating C2 parity in each of the ECC blocks with 
the calculation being divided into a plurality of parts. 

A configuration of the calculating apparatus 170 will be described with 
reference toFigs . 16tol9 . In these drawings, the constituent elements corresponding 
to those of Fig. 13 are denoted by the same reference numerals. 
20 The calculating apparatus 170 includes n pieces of matrix calculators 

200-o to 200-0,-1) , n pieces of RAMs 201_o to 201.^-!) for producing codes in a vertical 
direction, n pieces of exclusive EX-OR gates for calculating exclusive-OR, and 
(n+1) pieces of selectors 204_o to 204_ n . 

Here, the output from the matrix calculator 200_o is supplied to the P 
25 and I sides of the selector 204. 0 . The outputs from the selectors 204. 0 to 204_(n-i) 
are respectively supplied to the RAMs 201_o to 201. as write data. The outputs 
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from the matrix calculators 200-! to 200- (n-u are respectively supplied to the I sides 
of the selectors 204_i to 204.^-1), and are also supplied to the EX-OR gates 203_i 

to 203_(n-u . 

Further, the items of the read data from the RAMs 201_ 0 to 201. ^-d are 
5 respectively supplied to the EX-OR gates 203 _i to 203_ n . The outputs from the EX-OR 
gates 203_! to 203- (n-u are respectively supplied to the P and R sides of the selectors 
204.i to 204-fo-D / 3ond the output from the EX-QR gate 203- n is supplied to P side of 
the selector 204_ n . 

A value "OOh" is supplied to the R side of the selector 204^. The "h" 
10 means that this value is in hexadecimal . Input data is supplied to the EX-OR gate 

203- n and I and W sides of the selector 204^. Then, output data is taken out from 
the RAM 201-tn-i) . Further, the output from the selector 204. n is supplied to the 
matrix calculators 200_o to 200-^ as feedback data, and is also supplied to the 
W sides of the selectors 204_ 0 to 204. 

15 An operation control signal is respectively supplied to the selectors 

204_o to 204_n. In this case, at the time of initialization, the selectors 204_o 
to 204_ n output the data, which has been supplied to their I sides . At the time 
of calculation, the selectors 204_ 0 to 204_ n output the data, which has been supplied 
to their P sides. At the time of output ting the calculation result of C2 parity 

20 (including the result obtained at some nddpoint in the calculation) , the selectors 

204- o to 2 04 _ n output the data, which has been supplied to their R sides. At the 
time of loading the result obtained at some ntidpoint in the calculation of C2 parity, 
the selectors 204-o to 204^ output the data, which has been supplied to their W 
sides. 

25 The RAMs 201_o to 201.^-1) respectively have a word length in data length 

of an internal encoding calculation data stream, that is, 226-byte word length. 
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The "n" indicates an identical number to the byte number of the C2 parity, that 
is, 12. 

Next, an operation for calculating the C2 parity in each of the 36 ECC 
blocks (see Fig. 8) by use of the calculating apparatus 170 will be described. 

5 Here, the calculation of C2 parity in each FCC block is performed with the calculation 
being divided into four times. 

Suppose that video data of the FCC blocks 0 to 35 are simultaneously 
written into the SDRAM 151. Specifically, video data of the FCC blocks 0 to 35 
are written into the SDRAM 151 in the order of the video data of the 0th sync-block 

10 in the block 0, video data of the 0th sync-block in the block 1,..., video data of 
0th sync-block in the block 35, video data of the 1st sync-block in the block 0, 
video data of the 1st sync-block in the block 1,..., video data of the 1st sync-block 
in the block 35, video data of the 113th sync-block in the block 0, video data 
of the 113th sync-block in block 1, and video data of the 113th sync-block in 

15 the block 35. 

First, a first divided part of the calculation of C2 parity in the BCC 
block 0 is performed. In this case, first of all, among input data to be encoded, 
data of the first one symbol (for example, one byte) is read from the SDPPM 151 
and is supplied to the calculating apparatus 170 as input data for initialization. 

20 Fig. 16 shows a state at the time of initialization. In this case, as the data 
of the first one symbol, actually, 226 items of byte data in data length of the 
internal encoding calculation data stream, that is, byte data which respectively 
correspond to the 226 streams related to the external encoding calculation data 
stream are sequentially supplied. At the time of initialization, the selectors 

25 204-o to 204 - n respectively output the data, which has been supplied to their I sides . 
Therefore, at the time of this initialization, the selectors 204_o to 204. ^ 
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respectively simply the outputs from the matrix calculators 200_ 0 to 200- (n-i) to the 
subsequent stages without undertaking any processing, and the selector 204_ n outputs 
the input data. 

As a result, the first one symbol is supplied to the matrix calculators 
5 , 200-o to 200. (n-i) as feedback data without undergoing any processing . Then, the results 
of calculations performed by the matrix calculators 200_o to 200. ^ are stored at 
address positions of the RAM 201_o to RAM 201.^ which correspond to one symbol 
stream (i.e. any one of 226 streams related to the external encoding calculation 
data stream) of the input data at that time via the selectors 204^ to 204-^) 
10 respectively. In this manner, initialization is performed. As described above, 
226 items of byte data are sequentially supplied as the first one symbol, thereby 
executing initialization for 226 streams related to the external encoding calculation 
data stream. 

Next, a C2 parity is calculated. Fig. 17 shows a state at the titre of 
15 calculation. At the time of calculation of the C2 parity, the selectors 204_ 0 to 
204_n respectively output the data, which has been supplied to their P sides. 
Therefore, at the time of this calculation, the selector 204. 0 supplies the result 
of calculation performed by the matrix calculator 200. 0 to the subsequent stages 
and the selectors 204-! to 204^ respectively supply the outputs f rem the EX-OR gates 
20 203_i to 203-n to the subsequent stages. 

Among input data, items of the data of each one symbol of second or later 
are sequentially supplied to the EX-OR gate 203 _ n . In this case, as the data of 
each one symbol of second or later, actually, 226 items of byte data which respectively 
correspond to the 226 streams related to the external encoding calculation data 
25 stream are sequentially supplied. Data of the stream, which is read from the RAM 
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201. (n_D located at the last stage and corresponds to one symbol stream of the input 
data at that time, is supplied to the EX-QR gate 203^. 

The EX-OR gate 203-n calculates exclusive-CR of data of each one symbol 
of second or later and the data, which has been read from the KM 201_^d . The 
5 output from the EX-QR gate 203. n is supplied to each of the matrix: calculators 200_o 
to 200_ (n_i) as feedback data via the selector 204- n . 

Then, the result of calculation performed by the matrix calculator 200_ 0 
is stored at an address position which corresponds to one symbol stream of input 
data of the RAM 201. 0 at that time. The EX-OR gates 203-i to 203.(n-D respectively 

10 receive the results of calculations performed by the matrix calculators 200-i to 
200. (n-i) and the data of the stream, which corresponds to the stream of input data 
at that tirtB, to calculate exclusive -OR thereof. The outputs from the EX-OR gates 
203 -i to 203- (n-D are respectively stored at address positions of the RAM 201-! to 
RAM 201-tn-D , which correspond to one symbol stream of irput data of at that tine, 

15 via the selectors 204_i to 204-^-!) respectively. 

As described above, 226 items of byte data are sequentially supplied 
as data of each one symbol of second or later, thereby executing calculations for 
226 streams related to the external encoding calculation data stream. When the 
last symbol in the first divided part of the calculation of C2 parity is input 

20 as irput data, the RAM 201-! to RAM 201-^1) store the result obtained at some mi<%X)int 
of the calculation completed up to the end of the first divided part of the calculation 
of the C2 parity for 226 streams. 

Next , the result obtained at some midpoint of the calculation of C2 parity 
for 226 streams is output. Fig. 18 shows a state at the time of outputting the 

25 result obtained at some midpoint of the calculation. At the time of this output, 
the selectors 204.x to 204_ n respectively output the data, which has been supplied 



Clean Specification 
Application No.: 10/815,689 



29 



SON-2963 
(80001-2963) 



to their R sides. Therefore, at the time of this output, the selectors 204_! to 
204_ (n _i) respectively stpply the outputs from the EX-QR gates 203_i to 203-fo-u to 
the subsequent stages, and the selector 204_ n outputs "OOh" . 

In this case, the "OOh" is supplied to the matrix calculators 200-o to 

5 20CL{n-u as feedback data. When the feedback data is "OOh" , the matrix calculators 
200-o to 200.^) output "00h" . Therefore, the EX-OR gates 203_i to 203. (n .i ) other 
than that located at the last stage, which operate based en the outputs from the 
matrix calculators 200_i to 200-^ and the read data from the RAMs 201_ 0 to 201.^2) 
always output read data from the RAMs 2 0 1 _ 0 to 2 0 1_ (n_ 2 > without undertaking anyprocessing 

10 to the read data. 

In surrmary, in this case, the RAMs 201^ to 201.^ sinply operate as shift 
registers . Therefore, the RAM 201-^) located at the last stage sequentially outputs 
the .result obtained at the midpoint of the calculation of the C2 parity for 226 
streams related to the external encoding calculation data stream. This result 

15 obtained frcm the miefcoint of the calculation is supplied to the SDRAM 151 and 
is written therein. 

In the mariner as described above, the calculation of the C2 parity in 
the ECC block 0 is completed up to the end of the first divided part of calculation. 
Hereinafter, the same process as that of the EOC block 0 is repeated for sequentially 

20 calculating the C2 parity in the respective EOC blocks 1 to 35 up to the end of 
the first divided part. 

Next, a second divided part of calculation of the C2 parity in ECC block 
0 is performed. In this case, first of all, the result obtained at some miefcoint 
of the calculation ccrrpleted vp to the end of the first divided part thereof is 

25 loaded. Fig. 19 shows a state at the time of loading. 
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At the time of loading, the selectors 204_o to 204_ n respectively output 
the data, which has been supplied to their W sides . Therefore, at the tine of this 
loading, the selector 204_n outputs the input data. Then, the selectors 204_ 0 to 
204. (n_D respectively supply the input data, which has been output from the selector 

5 204-n, to the RAMs 201_o to located at subsequent stages. In this manner, 

the RAM 201_o to 201. (n _i) store the result obtained at some midpoint of the calculation 
of C2 parity in EOC block. As a result, the calculating apparatus 170 returns to 
the last calculation state in the first divided part . 

From this state, the second divided part of the calculation of the C2 

10 parity in the EOC block 0 is continued. Then, the result obtained at some midpoint 
of the calculation of C2 parity completed up to the second divided part is output 
to the SDRAM 151 and is written therein . Thecperatianof calculatianandthecperatian 
of outputting the result obtained at seme midpoint of the calculation are the same 
as that of the first divided part described above. Hereinafter, the process for 

15 the EOC block 0 described above is repeated for sequentially calculating the C2 
parity in the respective EOC blocks 1 to 35. 

Hereinafter, in the same manner as described above, the calculation of 
the C2 parity in the respective ECC blocks 1 to 35 is continuedf ram the last calculation 
state in the second divided part up to the end of the third processing part . Then, 

20 the calculation of the C2 parity in the respective EOC blocks 1 to 35 is continued 
from the last calculation state in the third divided part up to the end of the 
fourth divided part. In the last calculation state of the fourth divided part, 
the RAMs 201-o to 201. (n-D store the C2 parity to be finally obtained, instead of 
the result obtained at some nddpoint of calculation . Therefore, when the calculation 

25 of the C2 parity in the respective EOC blocks 1 to 35 is completed in the fourth 
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divided part, the SDRAM 151 stores the C2 parity in the respective 36 BOC blocks 
0 to 35. 

When the ECC encoder 155 is constituted by one calculating apparatus 
170 as described above, the circuit scale and the memory scale can be reduced. 
5 In this case, when the calculation of the C2 parity in the respective ECC blocks 
is divided into a plurality of parts , the calculation of the C2 parity can be initiated 
before all of the video data for one field, which is a group of video data to be 
recorded on 12 tracks , is completely captured into the ECC encoder 113 . Therefore , 
the calculation of the C2 parity can be completed at a point of time earlier than 

10 the case where the calculation is not divided, and the recording of video data 
can be initiated earlier by this shortened time . In this manner, the time required 
from the initiation of the irput of the video data to the initiation of the recording 
of this video data can be shortened. 

Fig. 20 shows an input process of video data (shown by a solid line "a" ) , 

15 a calculation process of C2 parity in the respective 36 ECC blocks (shown by an 
alternate long and short dash line "c" ) , and an output process of the C2 parity 
and the video data (shown by a broken line "b") observed in this case. 

Here, in the portion corresponding to u data" in the calculation of the 
C2 parity, video data is read from the SDRAM 151, and this read video data is input 

20 into the C2 encoder 155 to execute processing for obtaining the C2 parity. In the 
portion corresponding to "C2" , the result of calculation obtained in the C2 encoder 
155 (the result obtained at seme midpoint of the calculation or C2 parity) is written 
into the SDRAM 151, and the result of calculation (the result obtained at seme 
midpoint of the calculation) is read from the SDRAM 151 (loading) . The system delay 

25 Td in the ECC encoder 133 in this case is significantly shortened as ccrrpared with 
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the system delay Tc in the case where the calculation is not divided (see Fig. 
15) . 

Although the above description has described an exanple where the 
calculation of the C2 parity in the respective EOC blocks is divided into four 
5 parts, this number of divided parts is only an exanple, and the present invention 
is not limited thereto. The calculation of the C2 parity can be initiated an at 
earl ier point of time by increasing the number of dividedpart s . However, an increased 
number of divided parts will increase the time required for writing and reading 
into and fran the SDRAM 151, and the tine required for calculating the C2 parity 

10 increases, resulting in a delay of the point of tine at which the calculation is 
carpleted. Taking these circumstances into consideration, the number of divided 
parts may be determined so as to minimize the system delay Td. 

Further, in the above description, the ECC encoder 155 is constituted 
by one calculating apparatus 170 . Alternatively, the EOC encoder 155 may be 

15 constituted by 2 or more but less than 36 calculating apparatus, and the calculation 
of the C2 parity in the respective EOC blocks nay be performed with the calculation 
being divided into a plurality of parts. For exanple, the EOC encoder 155 may be 
constituted by two pieces of calculating apparatus 170 . In this case, each of the 
two pieces of the calculating apparatus 170 performs the calculation of the C2 

20 parity in the respective 18 EOC blocks. Alternatively, the EOC encoder 155 may 
be constituted by 4 pieces of calculating apparatus 170. In this case, each of 
the pieces of the calculating apparatus 170 performs the calculation of the C2 
parity in the respective 9 EOC blocks. 

Further, in the above description, the RAMs 201_ 0 to 201.^1) have a word 

25 length in data length of an internal encoding calculation data stream (226 bytes) , 
in order to make it possible to execute the external encoding calculation without 
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converting the iiput signal in the lateral stream into that in the vertical stream 
at the time of external encoding calculation . Alternatively, the RWIs 2 01_o to 201. ^-d 
may have a word length (226 bytes) or less or may be substituted by flip-flcps, 
as far as they additionally include functional blocks for converting the lateral 

5 stream into the vertical stream. 

In the embodiment described above, although the present invention has 
been applied to recording video data, the present invention is also applicable 
for recording audio data . Further, the recording medium is not limited to a magnetic 
tape, but may be other recording mediums such as magnetic disks, optical disks, 

10 and the like. 

While the foregoing specification has described preferred embodiment (s) 
of the present invention, one skilled in the art may make many modifications to 
the preferred embodiment without departing from the invention in its broader aspects . 
The appended claims therefore are intended to cover all such modifications as fall 

15 vdthin the true scope and spirit of the invention. 



